The Engineering Management Body of Knowledge (EMBOK) establishes required competencies for engineering managers, practicing engineers, and educators. As stated in the EMBOK, practitioners utilize their "professional judgment, experience, and discretion" to determine appropriate practices to situations. Provided within this paper is a comprehensive pedagogical approach utilizing active learning modules for instructors to teach currently demanded project management core competencies. In order to create the pedagogy, the Kolb Learning Cycle and the Felder-Soloman Index of Learning Styles are used as foundational theories. The structure and methodology include technical objectives and development of soft skills required for effective project management. The approach considers project management capability maturity models from Kerzner's and the International Institute for Learning. Their model is adapted to analyze core competencies presented by the pedagogy, and is directed at the shop floor level for manufacturing operations. This paper defines a core set of project management competencies determined through extensive field work providing customized project management training classes for engineering staff members from diverse manufacturing industries. The core competencies are mapped to the Project Management Institute's Body of Knowledge (PMBOK) and the EMBOK to establish relevancy for the defined undergraduate project management course.
Introduction
The Project Management Institute (PMI) defines project management as the application of knowledge, skills, tools and techniques to manage activities required to meet objectives within a project scope. 1 The role of a project manager is to lead a team while balancing competing constraints of scope, cost, and time which are impacted by project risks and desired quality. The Engineering Management Body of Knowledge (EMBOK) establishes competencies for engineering managers, practicing engineers, and educators. 2 The EMBOK states that practitioners utilize their "professional judgment, experience, and discretion" to determine appropriate practices to situations; EMBOK Domain 4 contains the generally recognized best practices and concepts for engineering projects. This paper will propose an undergraduate project management course pedagogy by first establishing the state of project management maturity in the manufacturing industry, and then defining a set of core competencies engineering managers seek from their staff. The core competencies will be mapped to the Project Management Institute Body of Knowledge (PMBOK), as well as the EMBOK, to demonstrate key areas to impart a level of competency on tools and techniques new engineering graduates need to "hit the ground running." A review of various student learning styles is undertaken and applied to the foundation theory of the Kolb Learning Cycle to produce a balanced pedagogy containing an active learning component.
Newly graduated engineers hired into manufacturing operations are often required to be project managers, with the expectation that they demonstrate competency in appropriate practices as called for by the PMBOK and the EMBOK. These new hires bring tools and techniques typically taught from text book curriculum mapped to the PMBOK and lecture based pedagogy.
Optimizing (5) This pedagogy includes mathematical models which are generally presented without stressing connections to student experience 3 and favors learning styles that are intuitive, verbal, reflective, and sequential, as defined by the Felder-Soloman Index of Learning Styles (ILS). Felder and Brent point out the futility of trying to tailor instruction individually 4 and Alghasham posited that educational planners desiring to enhance teamwork should group students of mixed learning styles. [5] [6] [7] A balanced pedagogy blending learning styles will challenge students to step outside their comfort zone to "stretch and grow." 3 This allows those that favor the opposite end of the learning style spectrum, sensory, visual, active, and global, to benefit from the proposed pedagogy. Through the approach presented, new graduates will have a better chance to apply an appropriate degree of rigor for project management tools and techniques, while providing leadership to team members with more years of experience. 1 In 1997, Ekmark, et al., placed project management maturity at Level 1, determining planning and execution was mainly ad hoc. 8 Projects were generally focused on immediate problems, schedules and budgets were often exceeded, and quality compromised to meet deadlines. Repeatable (2) Defined (3) Managed (4) A decade later, a 2006 survey by Grant and Pennypacker revealed little movement for capabilities exhibited by manufacturing operations.
9 Table 1 summarizes the percentage of manufacturing operations that achieved a particular capability maturity level, showing a majority of operations were still at Level 1, with decreasing percentages up the maturity scale. The data was validated when compared to research by Yazici. 10 Additional field work conducted in eastern North Carolina from 2008 -2014 confirmed that manufacturing operations are still in the processes of trying to establish themselves at Level 2 of the PMMM. The field work involved semi-structured interviews with fifteen manufacturing companies of products ranging from pharmaceuticals to automotive components, provided evidence that while seasoned engineering managers were well versed in technical PM requirements and tools, their staff's did not exhibit the same capability. Typical projects reviewed included planned maintenance shut-downs, manufacturing process improvements projects, and capital acquisition/installation projects. Engineering managers look for their staff and new engineering graduates to have competencies that primarily comprise planning, scheduling, and communication. The research results are listed in column 1 of Table 2 as "Staff Core Competencies." These technical skills / core competencies are then mapped first to the PMBOK, second to EMBOK, and third to "typical" project management text book topics in the last two columns. As PMBOK 5e contains forty-seven project management processes grouped into ten separate knowledge areas, instructors are advised to teach the core competencies and add a subset of text book topics based on their interest and degree program.
Faculty must also consider that manufacturing engineering culture typically fails to embrace formal PM practices, support by research that fails to find a correlation between a company's project management maturity and project performance. 10 Research points out that many experienced project managers consider "the formal use of PM tools and procedures to be wasteful" of time and resources and "all but the most rudimentary tools were far too cumbersome." 11 Kasten sites a large, multi-country survey confirming that many industries forsake all or many of the formal practices taught in project management courses. He goes further stating there is a "mismatch" between what is being taught to engineering undergraduates and what is being used in industry. 11 The challenge in teaching project management at the undergraduate level is that there is extremely diverse content and no uniform definition of an "ideal" project structure. 1 The instructional conundrum is two-fold: 1) What are the correct technical skills required, and 2) How to integrate required soft skills? Stevenson and Starkweather conducted a review of literature on critical project management behavioral competencies and found many conflicting results. The difficulty lay in the diversity of studies, which included both organizational and industry constructs. However, they did agree upon critical behavioral competencies of top project managers such as acting with authority, planning more, and communicating more. 12 Soft skills required to understand corporate culture, manage interpersonal dynamics, and provide effective decision making included team building, flexibility, creativity, and trust. 12 Research conducted by Anholon and Sano on implementation of lean manufacturing projects found critical success factors include human resource management, communication, risk management, procurement, and stakeholder management. 13 The proposed pedagogy embraces active learning strategies, utilizing cooperative learning exercises, role plays, and simulations. Learning styles may be defined as student cognitive characteristics that serve as reliable indicators of how learners respond to their educational environment. 4 The Myers-Briggs Type Indicator of personality types has strong learning style implications, but the Kolb Learning Cycle and Felder and Silverman models have been extensively applied to engineering education studies. 4 In the Kolb Learning Styles, students are segmented using two types of characteristics that lead to four categories of learner classifications. The first segmentation regards how information is absorbed, either "concrete experience or abstract conceptualization." The second segmentation defines how they processes information, either "reflective observation or active experimentation." As shown in Table 3 , the Kolb learning styles are defined as: 1) Diverger, 2) Assimilator, 3) Converger, and 4) Accommodator. Figure 3 shows the Kolb's experiential learning framework, learning styles, and learning cycle used to model how experience can be translated into conceptual competencies. 14 The Kolb Experiential Learning Cycle proposes that the most effective instruction involves teaching around the cycle. 4 The cyclical nature of the model is critical to success, as different learning styles will have different entry points. The Kolb Cycle shows the instructor's role of "motivator" and "expert" for Type 1 and 2. These roles and learner types are most suited for lecture and written assessments 4 which are typically addressed with text book content. Instructors create a foundational base of theory and technical tools needed for project initiation, planning, execution, monitoring, and closure. The goal for is reflective observation and abstract conceptualization by the students, as preparation for active experimentation and concrete experience. Type 3 practice opportunities and Type 4 exploration are best suited for active, experiential learning exercises.
Incorporating the Kolb Cycle with lecture and active learning is the desired pedagogy detailed herein. The strength is activities that alternate between theory and experiential learning, which tend to propagate the Kolb cycle. Critical to success is repetition of teaching around the cycle, and does not require assessing individual student learning style preferences since teaching around the cycle ensures all are addressed. Pedagogical Approach and Course Structure Edum-Fotwe and McCaffer state that project management competency is attained by knowledge acquired through training and "skills developed through experience" via the application of acquired knowledge. 15 Gokhale state that entry-level employees may "bring knowledge, skills, and abilities, but competencies are the result of experience." 16 Therefore, pedagogy founded in active learning is desirable for an undergraduate student demographic that has little or no handson experience. Integration of active learning with the Kolb Cycle provides effective project management education through the application of technical skills while providing a forum to practice soft skills.
The proposed structure, shown in Table 5 , combines a lecture based delivery of core competencies defined within Table 4 , active learning components to enhance development, plus room for an instructor discretionary subset of PMBOK and EMBOK skills from Table 2 , packaged into a fifteen week semester. Table 4 provides required core competency content, divided into three modules, mapped to the PMBOK and EMBOK. There are two "active learning" project simulations run concurrently with students employing more and more involved processes as the semester progresses. Additional lecture based content needed to provide thorough understanding of additional PMBOK and EMBOK requirements are listed as "Text Book Concepts" in Table 5 .
The desired entry point for Kolb's model is "reflection and experience", followed by repetition for reinforcement. 17 The proposed pedagogy embodies this with application of text book content along with parallel and staggered application of active learning by student project teams, as shown in Table 5 . Active learning is achieved through multiple experiences to provide feedback as a basis for reflection, conceptualization, and experimentation, including: 1) Teamwork via Tuckman's group development stages of Forming, Storming, Norming, and Performing, 2) problem based learning through real and simulated project management simulations, 3) Role plays as project manager for team leadership and presentations of progress reports. 
* PMBOK Chapters are shown in parentheses ( )

Student Team Projects
A critical tenant of this pedagogy is Team Project Based Learning (TPBL), which is an active learning environment designed to provide real-world experience in project management. 6 Frank concluded that project based learning experiences provide greater learning than traditional methods. 18 A well designed TPBL assignment includes three provisions: 1) team rewards, 2) individual accountability, and 3) equal opportunity for success.
Organizationally, student project teams are run within a "weak matrix management" structure, with the instructor as the "functional manager", a student PM, and student team members. The first project, designated as P1 in Table 5 , is in essence a project about completing the second project (P2). Restated, P1 is about getting the assignment done, and P2 is a creation of a project plan defined by the team that is managed and tracked by P1. For P1, student teams are required to work through the core competencies to introduce, plan, execute, monitor, control, and finally close the assignment using project management skills and tools. Key aspects of active learning include teamwork, cooperative planning, problem based learning, and role play of project manager. To instill a level of realism, teams are assigned three milestones, conduct two live status reports, and simulate closure with finalization of a lessons learned document.
The second project, designated as P2 in Table 5 , only carries students through the first two phases of a self-selected topic/objective: project introduction and project planning. Students select a real world company and create a feasible project of mutual interest. After company selection, a project definition/summary and a frame of reference establishing the background/circumstances for virtual project P2 are defined. This student defined background becomes key baseline information for instructor evaluation of all subsequent work. Next, the students role play within the virtual project's frame of reference to create a project charter, conduct stakeholder analysis, and develop a communication plan for the defined stakeholders.
The student teams conduct progressive elaboration of project scope for both P1 and P2. Project plans, including WBS, schedules, and Gantt charts are developed using Microsoft Excel, and if desired, a project planning software such as Microsoft Project. Included in the project planning process for both is development of a risk management plan and creation of a kick-off meeting agenda. Project budgets are only required for P2. Both projects require development of standard forms, based on PMI templates, for reporting progress.
Project Milestones and Core Competencies
Core competencies include the processes required to create and progressively elaborate a scope, produce a comprehensive WBS, and then sequence activities. Active learning engages students through a series of milestones and progress reports providing reality to the term "milestone." No milestones may earn points if preceding work is not complete and satisfactory. Student teams are required to complete missed milestones, without additional points earned, prior to the next milestone.
The first team milestone includes completion of three tasks: 1) Project Manager selection to manage the student team, 2) Preliminary Scope for P1 (the student team's goals and objectives), and 3) the project definition with a frame of reference for the virtual project P2. The goal of the first milestone is to ensure students understand they are working two projects. The second team milestone is to ensure students organize to complete P2 by creating the following to manage the virtual project: 1) a finalized P1 scope, 2) the P1 Project Priority Matrix, 3) a P1 Work Breakdown Structure, and 4) agreed upon P1 Responsibility Matrix to establish individual team member tasks. The third milestone is completion of the preliminary scope statement for the virtual project P2.
Project scopes are developed for P1 and P2 as it is generally accepted that poor project management execution is the result of a poorly defined scope. A key concept is to define the "why" of a project before the "what are we going to do." Once the "why" is established, the project manager can start to define what needs to be done by developing a formalized scope statement through the process of progressive elaboration. Creating two scopes is intended to provide experiential learning through multiple loops of the Kolb Cycle. PMBOK establishes six primary requirements for a project scope along with a template which includes the items in Table 6 . The concept students have a difficult time grasping is that scope development is iterative and happens in parallel with WBS development. Therefore, scope assignments include a preliminary and final submission. Students are advised to begin development early and encouraged to submit draft copies to the instructor prior to deadlines. Important to the active learning is for the instructor to be tolerant of errors on preliminary scopes, but be critical when scoring final scope statements. The importance of the WBS as a core competency was substantiated as the PMBOK moved from 4e to 5e. First, PMBOK 5e added that verbs should begin any activity/task definition within a WBS. Second, a subtle change in the PMBOK printing incorporated this as PMI renamed project management processes into "verb-noun" format, which provided additional evidence of the need to impart clarity on WBS definition and content requirements.
Once a WBS is generated, a communication tool is required for project coordination and management. PMBOK differentiates communication into three styles: pull, push, interactive. 1 Pull information is large volumes of information maintained by the project team in a common repository such as SharePoint for stakeholders to access on their own. Push information is communication sent to specific users, and is the most challenging because it involves stakeholder analysis and the art of written communication. PMI provides a communication management template plan that includes a matrix of stakeholders, information required, method of distribution, timing or frequency of distribution, and person responsible to send the information. The template also includes a list of assumptions and constraints on which the plan itself is based, and room for a glossary of terms.
The responsibility matrix is a typical approach to both organize work and communicate to team members within small projects, and is therefore appropriate to manage the semester project P1. In practice, other communication tools may be used to provide a WBS and timing include the six sigma DMAIC or the popular A3 format "story board." These methods will list activities needed, i.e. document the work breakdown structure, and provide a communication tool for resources and date, one of the fundamental organization methods in the PMBOK Chapter 9 on human resource tools and techniques.
Monitoring and Control
To simulate the execution phase of P1, student PMs will routinely review the responsibility matrix between status reports and follow-up to ensure all tasks are completed in a timely manner. Communication of task and milestone progress is inherent in project management, and as such, standard reporting methods are a core competency. While PMI provides a reporting template, it is much too basic for practical use and must be adapted for individual course requirements. Thus, project teams develop standard reporting templates along with stakeholder analysis and a communication matrix to document distribution. Gantt charts are required as they are the predominant reporting tool, and should be taught in both manual (Excel) format and as a standard output from project management software.
Critical to success in the active learning pedagogy is the status reporting done as part pedagogy. One student manages P1 through the first three milestones and initially leads status reporting. Thereafter, the other two students take turns managing the project and creating/defending status reports. Student teams create status report templates to provide updates and then verbally present to the instructor, who serves as the project sponsor. The instructor must embrace the sponsor role and make no allowance for substandard reporting. Other project teams are allowed to listen in to the report/defense, but do not contribute to the discussion. Students generally learn a great deal by listening to the approach and critique of other student teams.
It is contingent upon faculty executing this pedagogy to be impervious to student complaints and frustration about team member's performance. One goal of TPBL active learning is to inject the uncertainties and ambiguities that are part of real world projects. Active learning is further supported through the use of "live" status reporting of project progress, and is the mechanism that requires the instructor to approve the P2 frame of reference and follow student activity closely. Instructor guidance is what establishes the assignment as TPBL and active learning. 19 The key is to instill in students that lessons learned must be documented throughout the project as things go wrong and corrective actions defined on progress reports.
Summary
There is a wave of PMBOK prepared graduates entering the workforce, but the gap between academic training of formal project management processes is yet to be rationalized to the realities of projects assigned to newly minted engineers hired into the manufacturing industry. As all classrooms contain students with various learning styles, research has shown that a mix of learning approaches allows for enhanced comprehension by learners. The proposed pedagogy provides a template for core project management competencies as defined by qualitative research with manufacturing industry engineering managers and review of literature. Faculty's goal is to provide a balance of instructional methods rather than attempting to teach each student to their own style/preference. 3 A balanced approach with lecture based instruction and active learning is provided for an undergraduate pedagogy to prepare students to meet entry level project management demands, but also have the background to lead an organization up the PMMM ladder. Instructors must query students during progress reports to reinforce core competencies, and insist on a final document for project closure. The goal is to train undergraduate engineers to drive overall business success through projects, and be a catalyst for an organizational culture moving toward collaboration and communication practices to achieve higher levels of the PMMM in industry.
